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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention : 

The present invention relates to recombinant DNA sequences encoding feedback inhibition released enzymes, 
plasmids containing these recombinant DNA sequences, microorganisms transformed with these plasmids, and a proc- 
ess for preparing L-tryptophan, L-phenylalanine and L-tyrosine by fermentation. 

Discussion of the Background : 

Demand for aromatic amino acids is rapidly increasing. For example, L-phenylalanine is used as a raw material for 
the sweetener aspartame, L-tryptophan is an important feed additive, and all three (L-phenyialanine, L-tryptophan, and 
L-tyrosine) are useful as transfusion drugs. 

Many methods for preparing aromatic amino acids using microorganisms are known. For example, methods for 
preparing L-phenylalanine using recombinant Escherichia cpJi are described in Japanese Published Unexamined Pat- 
ent Application Nos. 56-1890, 58-103398, 61-92565 and 1-104160. and World Patent Publication WO 87/00202. A 
method for preparing L-phenylalanine or L-tyrosine using a mutant belonging to Corvneform bacteria is described in 
Japanese Patent Published Unexamined Application No. 61 -128897, and methods using recombinant Corvneform bac- 
teria are described in Japanese Unexamined Published Patent Application Nos. 60-34197, 60-24192, 61-260892 and 
61 -1 24375. A method for preparing L-tryptophan using recombinant E. cjpJi is described in Japanese Published Unex- 
amined Patent Application No. 57-71 397 and U. S. Patent No. 4,371 ,61 4; methods using mutants of Bacillus SuMliS are 
described in Japanese Published Unexamined Patent Application Nos. 53-39517 and 62-34399; methods use recom- 
binant Bacillus syMls are described in Japanese Patent Published Unexamined Application Nos. 61-104790 and 62- 
34399; methods using a mutant of Corvneform bacteria are described in Japanese Published Unexamined Patent 
Application No. 57-174096; and a method using recombinant Corvneform bacteria is described in Japanese Published 
Unexamined Patent Application. No. 62-51980. 

Generally, in the biosynthetic route of aromatic amino acids, a key enzyme which plays a central role in the biosyn- 
thesis is subject to feedback inhibition by the final product. In the methods described above, the desired amino acids 
are principally produced using microorganisms wherein the key enzyme is released from feedback inhibition by the final 
product. The key enzymes released from feedback inhibition in the above methods include 3-deoxy-D-arabinoheptu- 
lonic acid-7-phosphate synthase (hereafter abbreviated as "DS") and prephenate dehydratase (hereafter abbreviated 
as "PD"). 

Turning first to DS, among the microorganisms used in the methods described above, Escherichia GQli has three 
types of naturally-occurring (wild-type) DS isozymes. These isozymes are encoded by genes called arpF, arpG and 
aroH. which are subject to feedback inhibition by L-tyrosine, L-phenylalanine and L-tryptophan, respectively. 

The nucleotide sequences and amino acid sequences relevant to these genes and enzymes are already reported 
[arpF: Hudson, G.S. and Davidson, B.E., J. Mol. Biol., 180, 1023 (1984); aroG : Davies, W.D. and Davidson, B.E., 
Nucleic Acids Res., H 4045 (1982); aroH : Ray, J.M. et aL, J. Bacteriol., HQ. 5500 (1988)]. 

In order to efficiently produce the desired aromatic amino acids, expression of these DS genes must be improved. 
With respect to aroH-encoded DS, feedback inhibition by L-tryptophan has been released using mutant aip±! [Ray, J.M. 
et al., J. Bacteriol., 170, 5500 (1988)]. However, the DS activity derived from aroH is very poor, and the aroH-derived 
DS is unsuitable for improvement by recombinant DNA techniques. It is more efficient to utilize aroF- or aroQ-encoded 
DS in which feedback inhibition is released ("feedback inhibition-released" DS). 

An example of a mutation which releases feedback inhibition of aioE-encoded DS by L-tyrosine is the substitution 
of the 148 proline residue from the N-terminus ( 14B Pro) with a leucine residue [Weaver, LM. and Herrmann, K.M., J. 
Bacteriol., 172, 6581 (1980)]. 

Only a few examples as shown below for the production of aromatic amino acids by fermentation employ feedback 
inhibition-released DS with a clearly shown mutation site. Edwards et al. teach that feedback inhibition by L-tyrosine in 
the production of L-phenylalanine by fermentation is released by substituting the 152 glutamine residue ( ^In) of DS 
encoded by aioE with isoleucine [WO 87/00202). Furthermore, Sinenki et al. teach that feedback inhibition by L-pheny- 
lalanine in the production of L-phenylalanine by fermentation is suppressed by substituting the 76 leucine residue 
( 76 Leu) of DS encoded by argS with valine [Japanese Published Unexamined Patent Application No. 58-103398]. How- 
ever, the enzyme activity of the feedback inhibition-released DS and the amount of L-phenylalanine produced are 
unknown. No reports of the production of L-tryptophan by feedback inhibition-released DS mutants are known. 

Turning next to PD, a wild-type Afunctional enzyme (CM-PD) present in Esheriphia coH having both chorismate 
mutase (hereafter abbreviated as "CM") activity and PD activity is subject to feedback inhibition by L-phenylalanine. The 
enzyme is encoded by a gene called pheA . The nucleotide sequence of pheA and the amino acid sequence of wild-type 
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encoding an enzyme of the aromatic amino acid biosynthetic pathway, wherein feedback inhibition is released; and a 
process for preparing an aromatic amino acid which comprises culturing a microorganism transformed with one or more 
plasmids comprising a recombinant DNA sequence encoding an enzyme of the aromatic amino acid biosynthetic path- 
way, wherein feedback inhibition is released, and isolating the aromatic amino acid produced thereby. 

5 In the present application, the phrase "aromatic amino acid" refers to L-phenylalanine, L-tryptophan and L-tyrosine. 
Also, an enzyme is "released" from feedback inhibition by a final product if the activity of the enzyme' doesn't decrease 
in the presence of the final product. 

Preferably, the enzymes of the present invention in the biosynthetic pathway of aromatic amino acids which are to 
be released from feedback inhibition are 3-deoxy-D-arabinoheptulonic acid-7-phosphate synthase (DS), prephenate 

w dehydratase (PD) and chorismate mutase-prephenate dehydratase (CM-PD). The means by which each of these 
enzymes is released from feedback inhibition in the present invention is preferably by mutation, wherein one or two 
amino acid residue(s) are substituted with other amino acid residue(s) or one or more amino acid residue(s) are 
deleted. Furthermore, the transformed microorganism preferably belongs to the genus Escherichia, and is preferably 
transformed with one or more plasmids bearing a recombinant DNA sequence corresponding to one of the above 

is mutant enzymes. 

Firstly, the present Inventors have acquired a novel gene encoding DS, wherein the feedback inhibition is released 
by cloning the natural DS gene of Escherichia coli and subjecting the cloned gene to mutation. Furthermore, the natural 
PD gene of Brevibacterium lactofermentum is cloned, and a gene encoding PD in which feedback inhibition is released, 
is cloned from L-phenylalanine-producing Corvneform bacteria Even further, the natural CM-PD gene of Escherichia 

20 cpji is cloned, and the cloned gene is then subjected to mutation to produce a novel gene encoding CM-PD in which 
feedback inhibition is released. By transfecting or transforming phenylalanine-producing bacteria with one or two of the 
genes of the present invention, production of L-phenylalanine by fermentation can be improved. 

The present Inventors have also improved the fermentative production of L-tryptophan by transforming a microor- 
ganism with the novel DS gene of the present invention in combination with a tryptophan operon, in which the feedback 

25 inhibition of anthranilate synthase (hereafter abbreviated as AS), an enzyme for the L-tryptophan biosynthesis system, 
is also released. 

The novel gene of the present invention encoding DS having released feedback inhibition is prepared by the follow- 
ing procedure. 

Firstly, aroF and aroG genes are cloned from chromosomal DNA of Escherichia coli using the PCR method as 
30 described in U.S. Patent Nos. 4,800,159. 4,683,202 and 4,683,195, all incorporated herein by reference. The chromo- 
somal DNA appropriate as a source of the aroF and aroG genes for use in the present invention may be cloned from 
any strain of Escherichia coli. but the preferred strain is K-12 MC1061 (ATCC 53338). The desired genes are then 
mutated wfth hydroxylamine by a known method; for example, that described in J. Mol. Biol., 175. 331 (1984). 

The genes aro£ and aroG encode DS which is subject to feedback inhibition by L-tyrosine and L-phenylalanine. 
35 respectively, and also include mutants caused by genetic polymorphism, etc. Genetic polymorphism refers to a modifi- 
cation of an amino acid sequence of a protein due to natural mutation of a gene. 

In order to cause mutation of the gene, a number of effective methods are known. Examples include recombinant 
PCR methods [PCR Technology, Stockton Press (1989)], site specific mutation [Kramer, W. and Frits, H.J., Methods in 
Enzymology, 154. 350 (1987)], conventional methods exposing a strain bearing the gene to UV (ultraviolet light) rays, 
40 conventional methods treating the DNA or DN A-bearing microorganism with a chemical (N-methyl-N'-nrtrosoguanidine, 
nitric acid, etc.), and conventional methods for chemical synthesis of the desired gene, such as those employing a 
known automated synthesizer. 

In the present invention, the mutated amino acid residue of DS is in the region of the amino acid sequence which 
participates in the mechanism of feedback inhibition by L-tyrosine, L-phenylalanine or L-tryptophan. For example, in DS 
45 encoded by aroF. the 1 47 aspartic acid residue ( 147 Asp) and the 1 81 serine residue ( 181 Ser) from the N-terminus are 
the mutated amino acid residues. Any mutation of the amino acid residue which results in release from feedback inhi- 
bition is suitable. For example, substitution, deletion, or addition is suitable. The DS mutations and the corresponding 
nucleotide sequence mutations exemplified in the present invention are summarized in Table 1 . 

By transfecting a suitable microorganism with the mutant aroF or aroG gene above as a recombinant DNA 
so sequence, the microorganism can express the recombinant mutant gene in which feedback inhibition is released 

In the present invention, the novel gene encoding PD in Brevibacterium lactofermentum and the novel gene encod- 
ing CM-PD in Escherichia coli were prepared as follows. 

Firstly, the nucleotide sequence of the Brevibacterium lactofermentum PD gene encoding PD in which feedback 
inhibition by L-phenylalanine is released was determined and analyzed. It has thus been found that the L-phenyla- 
55 lanine-producing strain expressed PD in which one amino acid is substituted, as compared to the wild strain. Next, 
based on this finding, a substitution or a deletion of amino acid residue(s) was carried out at the corresponding position 
of CM-PD in Escherichia coli K-1 2, resulting in CM-PD in which the feedback inhibition is released. 

Enzymes having PD activity referred to in the present invention refer to enzymes derived from microorganisms 
such as Corvneform bacteria having PD activity, and further refer to enzymes derived from microorganisms such as 
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Sequence No. 2 CCCACTTCAG CAACCAGTTC (SEQ ID NO:2) 

These primers have homologous sequences upstream and downstream from the aroF gene. Using the chromo- 
somal DNA and the DNA primers, PCR (polymerase chain reaction) is conducted according to the method of Erlich et 

5 al. [PCR Technology, Stockton Press (1989)], yielding a DNA fragment of 1.5 Kbp. Thereafter, as shown in Fig. 1, left 
side, the fragment is cleaved with restriction enzymes EcoRV and Eco47lll. and the product is then li gated with the 
Smal digestion product of pHSG398 (manufactured by Takara Shuzo) using T4 DNA ligase. Competent cells of 
Escherichia coli JM109 strain (manufactured by Takara Shuzo) were transformed with the reaction mixture. A plasmid 
having the aroF gene was extracted from the strains resistant to chloramphenicol to yield the plasmid pHSG-aroF. 

10 Subsequently, pHSG-aioE was digested with restriction enzymes EcoRl and Hind IN. and the resulting DNA frag- 
ment bearing the aroF gene was ligated with the EsoRI and Hindlll digestion fragment of plasmid pTS1 (Japanese Pat- 
ent Application No. 2-192162) using T4 DNA ligase. Competent cells of DS-deleted (aroF. aroG. aroH) strain AB3257 
of Escherichia coli K-12 were transformed with the reaction mixture (AB3257 strain was acquired from the Escherichia 
coli Genetic Stock Center). From among the strains resistant to ampicillin, the strain in which auxotrophy of L-tyrosine, 

15 L-phenylalanine and L-tryptophan disappeared was selected, and a plasmid was extracted therefrom, yielding plasmid 
pTS-aroE 

Next after mutation of plasmid pTS- aroF using hydroxylamine according to the method of J. Mol. Biol., 175, 331 
(1984), the mutant was used to transform the E. coli AB3257 strain. After ampicillin-resistant strains were collected, two 
strains which grew in minimum medium supplemented with 1 mM L-tyrosine were selected. From these strains, plas- 
20 mids pTS- aroF1 5 and pTS- aroF33 bearing the genes encoding feedback inhibition-released DS were obtained. 

Cells of AB3257 strain transformed with plasmids containing the gene encoding non-feedback inhibition-released 
DS are subject to feedback inhibition at 1 mM concentration of L-tyrosine in the minimum medium. Accordingly, the 
strain subject to feedback inhibition failed to synthesize aromatic amino acids such as L-phenylalanine or L-tryptophan, 
and failed to grow. 

25 

(2) Preparation of arpG-derived mutant DS gene of Escherichia co|i 

A mutant aroG gene was collected in a manner similar to the case of the aroF gene. Two synthetic DNA primers 
shown by Sequence Nos. 3 (SEQ ID NO:3) and 4 (SEQ ID NO:4) were synthesized in a conventional manner, based 
30 on the known nucleotide sequence of the aroG gene (Nucleic Acids Res., 10, 4045 (1982)). 

Sequence No. 3 GTATTTACCC CGTTATTGTC (SEQ ID NO:3) 
Sequence No. 4 ACTCCGCCGG AAGTGACTAA (SEQ ID NO:4) 

. 35 Using the primers and the chromosomal DNA of the E. coli MC1061 strain, PCR was carried out to obtain a DNA 
fragment of 2.1 Kbp. As shown in Fig. 1 , right side, the fragment was cleaved with restriction enzymes SaN and Eco47lll, 
and the product was then ligated with the Sail and Sma l digestion product of pHSG398 (manufactured by Takara 
Shuzo) using T4 DNA ligase. Competent cells of Escherichia coli JM1 09 strain were transformed with the reaction mix- 
ture. From among the strains resistant to chloramphenicol, a plasmid having the aroG gene was extracted to yield the 
40 plasmid pHSG-aioQ- 

Subsequently, pHSG-aisQ was digested with restriction enzymes EggRI and Hindlll, and the resulting DNA frag- 
ment bearing the aroG gene was ligated with the EcoRI and Hindlll digestion fragment of plasmid pTS1 using T4 DNA 
ligase. From among the grown strains resistant to ampicillin, the strain in which auxotrophy of L-tyrosine, L-phenyla- 
lanine and L-tryptophan disappeared was selected, and a plasmid was extracted therefrom to yield the plasmid pTS- 
45 aroG . 

Next, after mutation of the plasmid using the hydroxylamine method of Example 1-(1) above, the mutant plasmid 
was used to transform competent cells of the £. coli AB3257 strain. After ampicillin-resistant strains were isolated, 6 
strains which grew in minimum medium supplemented with 10 mM L-phenylalanine were selected. From these strains, 
plasmids pTS- aroG4. pTS- aroG8. pTS- aroG15. pTS- aroG17. pTS- aroG29 and pTS- aroG40 bearing the aroG gene 
so encoding feedback inhibition-released DS were obtained. 

In ceils of the AB3257 strain expressing the non-feedback inhibition-released DS, feedback inhibition occurs at a 
concentration of 10 mM L-phenylalanine in minimum medium. Accordingly, the non-feedback inhibition-suppressed 
strain fails to synthesize aromatic amino acids such as L-tryptophan and/or L-tyrosine, and therefore, fails to grow. 

55 (3) Determination of DS enzyme activity 

The above plasmids, bearing either mutant aroF fpTS- aroF15 and pTS-aroF33) or mutant aroG (pTS- aroG4. pTS- 
aroG8. pTS- aroG1 5. pTS- aroG17. pTS- aroG29 and pTS- aroG40) . were used to transform Escherichia col AB3257 
strain having no DS activity. The respective transformants were named AJ 12598 (AB3257/pTS-aio£15). AJ 12599 
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re^ectve, Among them. AJ laSlSd *aj mSSSSS^ "* " 12603 ^^TS-a^. 
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(4) Determination of the mutation site of DS in which the feedback inhibition is re.eased 
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different by only one amino acid residue from that of Corvnebacterium s.p. 

Sequence 5: 

ATGAGCGACGCACCAATTGTTGTGGCCTATO 

MetSer AspAlaProIleValVaiAlaTyrteuGlyProAlaGlyllurPheThrGluGlu 
1 20 

GCCCTCTACAAATTTGCCGACGCCGGCGTATTCGGCGACG^^ 

AlaLeuTyrLysPheAlaAspAlaGlyValPheGlyAspGlyGluIleGluGlnLeuPro 
21 ~ 40 

GCCAAATCGCCACAAGAAGCTGTCGACGCGGTCCGCCACGGCAC 
AlaLysSerPrcK5lnGluAlaValAspAlaValArgHisGlyThrAlaGlnPheAlaVal 
41 60 

GTCGCCATCGAAAACTTCGTCGACG^ 

Va lAlal leGluAsnPbeValAspGlyProVa IThrProThrPheAspAlaLeuAspGln 
61 80 

GGCTCCAAOSTGCAAATCATa^ 

GlySerAsnValGlnllelleAlaGluGluGluLeuAspIleAlaPheSerlleMetVal 
81 100 
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Sequence of Brevibacterium lactofeyBenfrm PD (pPH14) : 

ATGAGtGACGCACCAATTG^ 
MetSerAspAlaProneValValJaaTyrl^uGl^ 

2 20 
GCCCTCTACAAATTTGCC^ 

AlaLeuTyrLysPheAlaAspAlaGlyValPheGlyAspGlyGluIleGluGlnLeuPro 
21 ^ 40 

GCCAAATOSCCACAAGUUIG^^ 
AlaLysSerProGlnGluAlaValAspAlaVa^ 

GTCGCC^TCGAAAACTTCGaTOAC^ 

ValAlaIleGluAsnPheValAspGlyProValltoProThrPheAspAlaLe\iAspGln 



GGCTCGWICGTGCAAATCATCGCCGAA<5A^ 

GlySerAsnValGlnllelleAlaGluGluGluLexiAspIleAlaPheSerlleMetVal 
81 100 

CGGCCAGG^CTTCGCn^ 

Ar gPr oGlyThr SerLeuAlaAspVa ILysThrLeuAlaThrHisPr oVa iGlyTyrGln 
101 120 

CAAGTGAAAAACTGGATSGCAXCC&CCATTC 
GlnValLysAsnTrpMetAlaThrOto 

121 140 
AACGGCGCOXKXJCACAAATGGTra 

AsnGlyAlaGlyAlaGlnMetValAlaGluGlyTbrAlaAspAlaAlaAlaAlaProSer 
141 "0 

CGCGCAGCCGAACTCTTCGGACTGGAACGCCTTGTTGATG 

ArgAlatAlaGluLeuPheGlyLeuGluArgLeuValAspAspValAlaAspValArgGly 
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(2) Construction of a novel gene encoding a mutant CM-PD of Esstafcta 3* 

synthesized in a conventional mann^ed ^ " N ° S: w * were 

Davidson, B.E., J. moi. B i 0 l.. J8Q, 1023 (1984)° ^ Uen ° 8 ° f "* 9 ene t Hud son. G.S. and 

Sequence No. 7 TCAACAAGCT GQAACGQACG (SEQ ID NO- 9) 
Sequence No. 8 CGCCATTTA CCGCCTTGAG (SEQ ID NC MO) 
Sequence No. 9 CCGTCTGGAA CCACGCCCGA TfSEQID NO- m 
Sequence No. 10 ATCGGGCGTG ATTCCAGAcS iG l(ffc HD NOmV/ 

^serine residue^ 

sine base). CM-PD of E^hjrjshja. sa!i K-12 has Wah homlo^n^ o ( ^ ym ' ne tese) is sauted with C (cyto- 
the 330 serine residueTro^^ 

me residue { ™Ser) of BrMasterium SLaSl ^dS^SS?^ M K " 12 corres P°"* to the 235 ser^ 
that the 330 serine residl^c^aSSS "° S 9 a " d 10 are ««h a manner 

0.5 Kbp. respective., The PCR teSeSec?cleo^ 

for 3 minutes was repeated for 20 cycles ushga^c^uTriLwr^T 6, atS °° C ,0r 2 minutes and ■» 72'C 
by PerWn Elmer Cetus Co.), aecorfng to the meSSS^^? 0 ^? 08 (77lermal Cyc,er - manufactured 
DNA fragments «ere subjected to agaLe gel el!« St0Ck,0n Pr ess(1989)]. These 

Clean, manufactured by Funakoshi Co ) 6 ' eC,r0phores,s and recove ^ us.ng a standart DNA recovery Wt (Gene 
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Separately, using these fragments and the primers of Sequence Nos. 7 and 8, PCR reaction was further carried out 
to obtain a DNA fragment of 1 .8 Kbp. After the 1.8 Kbp fragment was digested with Bam Hl and Pstl, a DNA fragment 
of 1 .7 Kbp was recovered by agarose electrophoresis. Subsequently, the 1 .7 Kbp fragment was ligated'with the Bam Hl 
and Pstl digestion product of plasmid pHSG398 (manufactured by Takara Shuzo) using T4 DNA ligase. The ligation 
5 product was used to transfect Escherichia co)i KA1 97 strain (pheA). Among the strains resistant to chloramphenicol, the 
strain in which phenylalanine auxotrophy disappeared was selected, and a plasmid was recovered. The plasmid was 
named pPHAB. Its nucleotide sequence was determined. This plasmid bears the mutant CM-PD enzyme gene in which 
the 330 serine residue was substituted with a proline residue. 

Also using the same methods mentioned above, 330 serine residue from the N-terminal ( 330 Ser) of the CM-PD of 
10 Escherichia coli K-1 2 was substituted with an aspartic acid residue. Sequence Nos. 1 1 and 1 2 were synthesized in such 
a manner that the 330 serine residue became an aspartic acid residue. 

Nos. 1 1 CCGTCTGGAA GACCGCCCGA T 
Nos. 1 2 ATCGGGCGGT CTTCCAGACG G 

15 

In this way, the plasmid pPHAD, which bears the mutant CM-PD enzyme gene in which the 330 serine residue was sub- 
stituted with an aspartic acid, was obtained. 

Also using the same methods mentioned above, amino acid residues downstream from ^Ser of the CIvJ-PD of 
Escherichia coli K-1 2 were deleted. Sequence Nos. 13 and 14 were synthesized in such a manner that the codon of the 
20 330 serine residue became termination codon. 

Nos. 1 3 CCGTCTGGAA TGACGCCCG A T 
Nos. 1 4 ATCGGGCGTC ATTCCAGACG G 

25 In this way, the plasmid pPHATerm, which bears the mutant CM-PD enzyme gene in which the amino acid residues 
downstream from the 330 serine residue were deleted, was obtained. 

(3) Construction of a tyiA gene-defected W31 10 strain of Escherichia coli K-1 2 

30 Escherichia coli W31 10 strain (acquired from National Institute of Heredity) was spread on a plate medium contain- 
ing streptomycin to obtain a streptomycin-resistant strain. Next, this strain was cultured in a culture medium in combi- 
nation with Escherichia cpJi K-12 ME8424 strain (HfrP045. thi, relAL tyrA : : Tn10. una-1. nadB) (acquired from National 
Institute of Heredity), and the medium was allowed to stand at 37°C for 15 minutes to perform conjugation transfer. 
Then the medium was applied to a plate medium containing streptomycin, tetracycline and L-tyrosine. The formed col- 

35 ony, i.e., Escherichia coli W31 10 (tyrA) strain, was collected. 

The plasmid pPHAB, pPHAD, and pPHATerm obtained in Example (2)-2 above were used to transform competent 
cells of the E coli W31 10 (tyrA) strain. The transformant Escherichia coli K-1 2 [W31 1 0 ftyrA)/pPHAB] Escherichia coli 
K-12 [W3110 GyrA)/pPHAD], and Escherichia coli K-12 [W3110 (tyrA)/pPHATerm] were deposited in the Fermentation 
Research Institute of the Agency of industrial Science & Technology of Japan. The deposit numbers are FERM BP- 

40 3566, FERM BP-12659, and FERM BP-12662, respectively. 

(4) Measurement of PD enzyme activity 

Escherichia coli K-12 W31 10 (tyrA) /(pPHAB) strain was cultured at 37°C for 15 hours in L medium and the cells 
45 were collected by centrifugation. Then, the cells were washed twice with physiological saline, and suspended in 250 
mM Tris-hydrochloride buffer (pH 7.5) containing 0.5 mM dithiothreitoi under ice cooling. By ultrasonication (20 KHz) for 
30 seconds four times, the crude enzyme solution was prepared. 

The PD enzyme activity was determined in a conventional manner [Cotton, R.G.H. and Gibson, F, Meth. in Enzy- 
mol., 17, 564 (1970)]. Using the crude enzyme, the enzymatic reaction was carried out at 37°C for 10 minutes in the 
so presence of 50 mM Tris-hydrochloride buffer (pH 8.2) containing 1 mM barium prephenate and 0.5 mM L-tyrosine. 
Aqueous sodium hydroxide (1 N) was added to terminate the reaction, and the formed phenylpyruvic acid was meas- 
ured at an extinction wavelength of 320 nm. 

Quantitative determination of protein was made using the Protein Assay Kit (manufactured by Bio Rad Co.). 
according to the protocol of the manufacturer. 
55 The results presented in Fig. 4 show that the enzyme reaction in strains transformed with the wild CM-PD gene was 
strongly inhibited in the presence of 0.5 mM (.-phenylalanine, whereas strains transformed with a mutant CM-PD gene 
exhibited almost no inhibition, even in the presence of 5 mM L-phenylalanine. 

Further, in the case of the plasmid bearing the wild type enzyme gene, in the absence of L-phenylalanine, the 
enzyme activity was only 3.5 x 10 2 U/mg protein. In the case of the mutant CM-PD gene, the activity was 1.5 x 10 4 U/mg 
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and/or enzyme acuity can be increased by ro^oSCE ^ °' ^ 

found to be re.eased ■^55*^^ *■ P ° 6nzymes ° f the sfrains were 

Example 3 : Production, of L-phenylalanine by fermentation 

-SSXI^'SS? ^"SSrSS? °^ ene ^ xam P' e 1. tbe^portion was 

was inserted into the de^e 

marker was cr^ramphenicoiLiTS SSpS Z KiSSIS T PA ° MAB (se,ecfon 
coji K-12 W31 10 (tyrA). yielding transformant W1 iTSSmaI mPetent Ce " S ° f ^*^ 

(3) Production of L-phenylalanine 

(i^des^^ W311 ° ^pPHATerm. and W3110 

cose, 29.4 g of disodium it- pS ^S!S£S^Tl3 ^ (Min ° 20 9 <* ^ 
ammonium chloride 10 g of sodium Ssninn^ ?7 dihydrogen phosphate, 1 g of sodium chloride. 2 g of 
of calcium chlorkle a J 2 Sj SZK££Ji2^ ma9ne * um su,,ate h ^ 0.23 g 

assay was performed by high petoZce S 
ducfion of L-phenylaianL usingteTlS^ 



Table 2 



40 



45 



Strain 


Amount of L- 
phenylalanine 


W311Q(tvrA) 


0.1 


W3110ftyfA)/pACMAB 


0.5 


W3110(iyrA)/tiPHAD 


0.5 


W3110(tyr^)^PHATerm 


0.5 


AJ 12604 


3.8 



55 



Example* Production of L-tryptophan by fermentation 

(1) Construction of a plasmid bearing feedback inhibition-released DS 

restSnl^ 

ligatedtherewimusini^ DNA ioase too^n 171 « ^J**"* by Klenow freatment ' an ^ 'inker was 
the p.asmid pTS-arai Z2S E^mSe 1 X arTfa^ ^ ^ ** b6Came ^ Rl - 
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pACYC177E using T4 DNA ligase. Competent cells of the AB3257 strain (described in Example 1) was transformed 
with the reaction mixture. Among the ampicillin-resistarrt strains grown, a strain in which auxotrophy for each of L-tyro- 
sine, L-phenylalanine and L-tryptophane disappeared was selected, and a plasmid was extracted. Thus, plasmid 
pACEG4 (5.1 Kbp) was obtained. An EcoRI-EcoRi fragment containing a gene conferring kanamycin resistance (Kan- 
5 amycin Gene Block; 1 .3 Kbp, manufactured by Pharmacia Fine Chemicals) was ligated with the plasmid pACEG4 at the 
EcoRI site using T4 DNA ligase, thus yielding the plasmid pACKG4 (resistant to ampicillin and kanamycin, 6.4 KbP). 
The procedure of the construction of pACKG4 is outlined in Fig. 5. 

(2) Construction of Escherichia coH K-12 bearing a feedback inhibition-released DS gene and a tryptophan operon 

10 

Competent cells of Escherichia soli K-12 AGX6aroP strain (described in U.S. Patent No. 4,371 ,614, incorporated 
herein by reference; deposit number: NRRL B- 12264) bearing the plasmid pGXSO harboring a tryptophan operon was 
transformed with the pACKG4 plasmid described above to obtain Escherichia coli AGX6aroP/pGX50,pACKG4. The 
genotype of Escherichia coli AGX6aroP strain is tDJL trpR+. aroP. 

15 

(3) Production of [.-tryptophan 

The transformant Escherichia coli AGX6aroP/pGX50,pACKG4 and AGX6aroP/pGX50 described above was cul- 
tured at 30°C for 72 hours in L-tryptophan-producing medium (containing 40 g of glucose, 15 g of ammonium sulfate, 1 
20 g of potassium monohydrogen phosphate, 1 g of magnesium sulfate heptahydrate. 0.01 g of ferrous sulfate heptahy- 
drate, 0.01 g of manganese chloride tetrahydrate, 2 g of yeast extract and 40 g of calcium carbonate in 1 liter of water, 
pH 7). The results are shown in Table 3. Quantitative assay of L-tryptophan was performed by high performance liquid 
chromatography. An outstanding improvement in the fermentative production of L-tryptophan using the AGX- 
aroP/pGX50,pACKG strain was obtained. 



Table 3 



Strain 


Amount of L-tryptophan 
Produced (g/l) 


. AGX6aroP/pGX50 
AGX6aroP/pGX50,pACKG4 


0.15 
0.45 



35 

Obviously, numerous modifications and variations of the present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of the appended claims, the invention may be practiced oth- 
erwise than as specifically described herein. 
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SEQUENCE LISTING 

5 (1) GENERAL INFORMATION: 

(I) APPLICANT.- Ajinomoto Co.. Ltd . 



10 



GENES, AND OTCROOMs^^fi PLA5MI DS CONTAINING THE 

■-»» JS3B?5SHB5?S5S 2Sfffl?„ 

(iii) NUMBER OF SEQUENCES: 12 



20 



(2) INFORMATION FOR SJJQ ID N0 ;l : 

W SEQUENCE CHARACTERISTICS- 
(B) TyPB: nucleic acid 



30 



35 



40 



45 



50 



55 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

5 (ii) MOLECULE TYPE: DNA (genomic) 

.(iii) : HYPOTHETICAL: NO . 

(Vi) ORIGINAL . SOURCE: 

(A) ORGANISM: Escherichia, coli 
10 (B) STRAIN; ,K-12\ MC1.061 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
GCTAACCAGT AAAGCCAACA 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE (^UU^CTERISTICS: 

(A) XENGTH: 20 base pairs 

(B) TYPE:; /nucleic acid 

(C) STRANDEDNESS: : single 

(D) TOPOIXJGY: linear 

( ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL.: NO 

(vi) ORIGINAL. SOURCE: 

(A) ORGANISM:. Escherichia coli 

(B) STRAIN: K-12 MC1061 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 1 
CCCACTTCAG CAACCAGTTC 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH : \ 20 base., pairs 

(B) TYPE: nucleic ac£d 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
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(vi) ORIGINAL SOURCE: 

GTATTTACCC CGTTATTGTC 

(2) DWDSMATIOM POR . SEfl^JK,.^ 

:f 1 l, S ^^CTAI»CTBRI ST x CS: 

' 5 J^'iSS**' 2« ; base-pairs 

(B) 75CPE: nucleio acid 
(C ST8AKDPPHE5S: single 
(D) TOEOLQGY; linear^ 

(ii) MOLECULE TYPE: W^ ge „ oaic , 

(iii) HypoTHErrcAl.: MO 

- (vi) ORIGiHtt gpuRcgi - 

Si!^* ^^cbia coli 
(B) STRAIN.: K-12 MC1061 

fXi) SEQTOKCE nBSq?ipTI<Mrj SEQ » N 0: 4 : 
ACTCCGCCGG AAGTGACTAA, ■ 

30 ' • .. 20 

(2) INFORMATION FOE SEQ ID NO: 5: 

fi) SEQCEHCE-tHJUUtoBRISTlCS: 
W *S?g3M • base pairs 

(ii) MOLECULE TXWfi DKA (genomic, 
(Vi) ORIGINAL SOURCE;' 

SJ SfXr^ lactofer.^ 

Ux) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATI0H: 



20 



20 



25 



35 



40 



55 
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10 



) 



20 



35 



45 



50 



55 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

ATG AGC CAC CCA CCA ATT GTT GTG GCC TAT TTC GGG CCT GCC GGA ACC 4 8 

Met Ser Asp Ala Pro lie Val Val Ala Tyr Leu Gly Pro Ala Gly Thr 
1 5 10 15 

TTC ACC GAA GAA GCC CTC TAC AAA TTT GCC GAC GCC GGC GTA TTC GGC 96 
Phe Thr Glu Glu Ala Leu Tyr Lys Phe Ala Asp Ala Gly Val Phe Gly 
20 25 30 

GAC GGT: GAG ATC GAG CAG.CTA CCA GCC AAA TCG CCA GAA GAA GCT GTC 144 
Asp Gly Glu lie Glu Gin Leu Pro Ala Lys ser Pro Gin Glu Ala Val 
35 40 45 



GAC GCG GTC CGC CAC GGC ACC GCC CAG TTC GCG GTG GTC GCC ATC GAA 192 
is Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala lie Glu 
50 55 60 

AAC TTC GTC GAC GGC CCC GTC ACC CCC ACC TTC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 



GGC TCC AAC GTG CAA ATC ATC GCC GAA GAA GAA CTC GAT ATT GCC TTT 288 
Gly Ser Asn Val Gin He He Ala Glu Glu Glu Leu Asp He Ala Phe 
85 90 95 

TCC ATC ATG GTC CGG CCA GGG ACT TCG CTT GCC GAC GTC AAA ACC CTC 336 
Ser He Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 
100 105 no 

GCC ACC CAC CCG GTT GGG TAC CAA CAA GTG AAA AAC TGG ATG GCA ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 
115 12Q 125 

ACC ATT CCG GAC GCC ATG TAT CTT TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr He Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 
13 0 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA GCC GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 155 160 

CGC GCA GCC GAA CTC TTC GGA CTG GAA CGC CTT GTT GAT GAT GTC GCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 
165 170 175 

GAC GTC CGC GGC GCC CGC ACC CGC TTC GTT GCA GTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 
180 185 190 

GCC GTT TCC GAA CCG ACC GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val He Phe Ser 
195 200 205 
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35 



45 



50 



55 



2u g Ssn E ^ 5^ r K ^ «* CTC AAC GAA TTC CCC 
210 y f?f ^ Val Arg Ala Leu Asn Glu Phe Ala 

215 220 

s 5 s ss a; g sssa^ss^ ~ 

235 240 
250 255 

265 270 

^ 2S S £e vfl S X 5«« AAC CCT GCA GAA GAC AGC 
275 Vai Gly Ser *«» Ser Asn Arg Ala Glu Asp Ser 
W 285 

s s SS s s a a e« - 
a « si si s » sj « s s - - 



(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS - 

«B " acids 

30 ( B ) TYPE: aainp acid 

(D) topology: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
«et Ser Asp Ala Pro U. Val Val Ala Tyr Leu Oly Pro Ala sly xhr 
Phe Thr Glu Glu Ala Leu Tyr Lys Phe Ala Asp Ala Gly val Phi Gly 
Asp Gly eg lle clu Gln ^ ^ ^ ^ ^ ^ ^ J" a ^ ^ 

Asp Ala val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala He Glu 



768 



816 



864 
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Asn.Phe. Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 

65; : " ~ 70. 75 80 

Gly Ser Asn Val Gin lie He Ala Glu Glu Glu Leu Asp He Ala Phe 

85 90 ; 95 

Ser lie Met Val Arg Pro.Gly.Thr Ser Leu Ala Asp Val Lys Thr Leu 
;100 V 105 110 

Ala Thr : Hls.:Pro Val jGly Tyr. Gin Gin Val Lys Asn Trp Met Ala Thr 
115 % 120 125 

T&r lie Pro Asp Ala M et Tvr J^au. Ser Ala Ser Ser Asn Gly Ala Gly 
130 - 135 140 

Ala Gin; tot . Val Ala Glu. Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 

145 " 150.: 155 160 

\rg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 
165 170 175 

Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 
" 180 1*5 190 

Ala Val-Ser Glu Pro Thr Gly -His Asp Arg Thr Ser Val lie Phe Ser 
lOS 3 00 3 OS 

Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 
>210 .215 220 . 

Ile= Arg Gly Val Asp Leu Thr'liArg: lie Glu Ser Arg Pro Thr Arg Lys 
225 230 235 240 

Val Phe Gly Thr Tyr Arg Phe His Leu Asp lie Ser Gly His lie Arg 
- 245 350 356. 

Asp Ila Pro Val Ala, Glu Ala. Leu: Arg Ala Leu His Leu Gin Ala Glu 
260 265 270 

Glu Leu Val Phe Val Gly Ser Trp Pro Ser Asn Arg Ala Glu Asp Ser 
275 200. 285 

Thr Pro Gin Thr Asp Gin Leu Ala Asn Val His Lys Ala Asp Glu Trp 
290 295 300 

45 Val. Arg Ala Ala Ser ; Glu. Gly Arg Lys Leu Asn 

305 ■ - v v 310 > ,315 



35 



40 



so ( 2 ) XNFpSM&TIQN. yOR SEQ -ID; NO : 7 : 

?.'. j. ( i ) , SEQUENCE CH^CTERISTICS :,; 
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(A) LENGTH: 948 base pairs 
in\ " UCUeic acid 

(D) TOPOLOGY: linetr 

Hi) KOT.FC0LE.TYM: DMA (genoaie) 

(iii) HYPOTHETICAL: NO 

10 (Vi) ORIGINAL. SOURCE- 

cbJ SBSE'S i r , 535S* otari - »<*°<~»™«* 

SEQUENCE .DESCRIPTION: SRQ I D N0:7x 
ATGASCGACGOlC<^ArTGTTGTGGCCTATTTGCGGCCTGCCGGAACCl"rCACCGAAGAA 
OCCAAA^CACAACAAGCTCTCOACGCGC^^ 

C^CTCCAACGTGCAAATCArCGCCGAAGAAGAACTCGATATTGCCTTTTCCATCATGGTC 
^^^^ 

-CCCCACCXCCG^^^^^^^ 
CTCTTCGGAACCTACCGCTTCCACCTGGACATATCCGGACATATCCGCGACATCCCCGTC 

^GGACGAATGGGTTCGCGCAGCAAGCGAAGGAAGGAAACTTAACTAG 

« (2) INFORMATION FOR SEO ID N0:8: 

fi) SEQUENCE CHARACTERISTICS: 



50 



55 
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(A) LENGTH: 315 amino acids 

(B) TYPE: anino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(*i) RROOENCB DESCRIPTION: £EQ ID NO181 

Met Ser Asp Ala. Pro lie Val Val Ala Tyr Leu Gly Pro Ala Gly Thr 

10 15 

Phe Thr Glu Glu. Ala Leu Tyr Lys Phe Ala Asp Ala Gly val Phe Gly 
2P 25 30 1 

Asp Gly Glu lie Glu Gin Leu Pro Ala Lys ser Pro Gin Glu Ala Val 
J:> 40 45 

Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala lie Glu 

55 60 

Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 



80 



Gly ser Asn Val Gin He lie Ala Glu Glu Glu Leu Asp n e Ala Phe 
85 90 95 

Ser ne Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

105 110 

Ala Thr His Pro val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

120 125 

Thr lie Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

135 140 — 

Ala Gin Met Val Ala Glu. Gly Thr Ala Asp. Ala Ala Ala Ala Pro Ser 

*M 155 160 

Arg Ala Ala. Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 
16i> 170 X75 

Asp val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

185 190 

Ala Val ser Glu; Pro Thr Gly His Asp Arg Thr Ser Val He Phe Ser 
ASO 200 205 



Leu Pro Asn Val Pro Gly fler Leu Val Arg Ala Leu Asn Glu Phe Ala 

215 220 

Pro Arg Pro Thr Arg Lys 
235 240 



lie Arg Gly Val Asp Leu Thr Arg lie Glu Pro Arg Pro Thr Arg Lys 
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~ ** Ihr IS - - «■ - % «. - «, «. „. ^ 

255 

- lla slu , u ^ a Ai> ^ hs ^ ^ ^ 

- - ^ „ oly «, ^ to ^ _ ^ M> £ ^ ^ 

- s «. -r ^ s Ala „ Ma a ;;; ^ wu ^ 

J« *r> u. u. «, ci, teg w . ^ ^ 

315 

(2) INFORMATION FOR SEQ I D N0:9: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH;, 20 base pal rs 
B TYPE: nucleic JoW 1 

(C) STRANDEDNESS: single 

(D) Topology: linear 

(ii) MOLEC0LE TYPE: DNA (genonic) 
(iii) HYPOTHETICAL; MO 
(Vi) ORIGINAL SOORCE: 

(*i> SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
TCAACAAGCT GGAACGGACG 

(2) INFORMATION FOR SEQ ID NO:10: 
d) SEQDENCE CHARACTERISTICS- 

W »«cleic acid 

£ S^ANPBDNESS: single 
(D) TOPOLOGY: linear 

Cii) MOLECULK TYPE: DNA (cwonic) 

(Hi) HYPOTHETICAL: NO 

(Vi) ORIGINAL SOORCEf • 
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(A) ORCAMIMi Xcohoriohia ooli 

(B) STRATH: K-12 RR1 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 10: 
CGCCGATTTA CCGCCTTGAG 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL : NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCGTCTGGAA CCACGCCCGK T 

(2) INFORMATION FOR SEQ ID NO: 12: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
ATCGGGCGTG ATTCCAGACG G 
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45 Claims 

1. A DNA fragment containing a mutated aroF gene encoding 3-deoxy-D-arabinoheptulonic acid-7-phosphate syn- 
thase in which the amino acid residues in positions 147 and/or 181 are substituted or one or more amino acid res- 
idue^) are deleted or added, and which is released from feedback inhibition. 

2. A DNA fragment containing a mutated aroG gene encoding 3<ieoxy-D-arabinoheptulonic acid-7-phosphate syn- 
thase, in which one or more amino acid residues in positions 1 46, 1 47, 150, 157, 202, 21 9. and 332 are substituted 
or one or more amino acid residue(s) are deleted or added, and which is released from feedback inhibition. 

ss 3. A DNA fragment according to claim 1 , in which the aspartate residue 147 is substituted by an asparagine and the 
serine residue 181 is substituted by a phenylalanine. 

4. A DNA fragment according to claim 2, in which the substituent of the aspartate residue 146 is an asparagine resi- 
due, the substituent of the methionine residue 147 is an isoleucine residue, the substituent of the proline residue 
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6. A microorganism comprising a vector according to claim 5. 

"■ iSS 5 ' "~" claimed in any of 
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(FIG. 1) 



PCR product (aro£) 

mzazzzzzzzzm 



EcoRV+Eco47Jir 
digestion 



ligation 




y >-pHSG398 
* Smo I 
cleaved fragment 



PCR product (aroG) 

vzzzzzzzzzzzm 

jSo£l+Eco47JH 
1 digestion 

|>^pHSG398 
ligation! cleaved fragment 



EcoRI^Sz^ HindlT 
aroF • 



EcoRl + HindHT 
digestion 



oroF 



ligation U pTS 1 

J EcoRI+HIrx 




ExzfU^^ZZZr HindHI 
oroG 



EcoRI + Hind I 
digestion 

H22Z2Z222Z22D- 

oroG 



EcoRI 




Hlndffl 
cleaved fragment 



Hind ID 

mutation with 
hyaroxylamine 




ligation 



EcoRI 



Hindm 



mutation with 
hydroxy 1 amine 



pTS- oroF15 
pTS -oroF53 



pTS- oroG 4 
pTS- oroG8 

pTS- oroGlS 
pTS-oroGI7 

pT$- oroG29 
pTS-aroG4Q 
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300 




O aroGA 



□ aroGl5 
A aroGAO 

■ aroGU 
? A aroG29 
• aroG8 



• — j > • aroG8 

t — i — ' i " ■ i i i i [ x wild aroG 



Concentration of 

L-Phenylalanine 



8 1 0 

(mM) 
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(PIG. 4) 




Phe (mM) 
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(FIG. 5) 




EcoRI 



